White coat hypertension (also referred to as 'office hypertension' [1] , or 'isolated clinical hypertension' [2] ) is a term used to denote individuals who have blood pressures that are higher than normal in the medical environment, but whose blood pressures are normal when they are going about their daily activities. Like many other working definitions in clinical medicine, white coat hypertension is an arbitrary definition intended to assist clinicians by improving cardiovascular risk stratification -a key step in the management of patients with essential hypertension [3 ,4] -by identifying a stratum of subjects at low risk of future cardiovascular disease because of a normal average daytime blood pressure outside the medical setting [5, 6] . Thus far, this definition is clear, but unfortunately it lacks the precision needed to make it clinically useful. It is when we define exactly what constitutes a normal average daytime blood pressure that confusion arises, and this confusion now threatens to obscure the clinical and epidemiological importance of identifying the condition.
Definition of white coat hypertension
White coat hypertension (also referred to as 'office hypertension' [1] , or 'isolated clinical hypertension' [2] ) is a term used to denote individuals who have blood pressures that are higher than normal in the medical environment, but whose blood pressures are normal when they are going about their daily activities. Like many other working definitions in clinical medicine, white coat hypertension is an arbitrary definition intended to assist clinicians by improving cardiovascular risk stratification -a key step in the management of patients with essential hypertension [3 ,4] -by identifying a stratum of subjects at low risk of future cardiovascular disease because of a normal average daytime blood pressure outside the medical setting [5, 6] . Thus far, this definition is clear, but unfortunately it lacks the precision needed to make it clinically useful. It is when we define exactly what constitutes a normal average daytime blood pressure that confusion arises, and this confusion now threatens to obscure the clinical and epidemiological importance of identifying the condition.
White coat effect
The studies by Mancia and co-workers [7] quantified precisely the transient blood pressure rise associated with the presence of a doctor (4 to 75 mmHg [mean, 27] for systolic blood pressure, 1 to 36 mmHg [mean, 27] for diastolic blood pressure). This transient blood pressure rise ('white coat effect') could lead to a remarkable over-estimation of blood pressure in many subjects with a clinical diagnosis of essential hypertension. The superiority of ambulatory over clinic blood pressure is strongly supported by the evidence that target organ damage in hypertension is more closely associated with whole-day blood pressure than with clinic blood pressure [1, 8, 9] . It is important to remark that white coat hypertension and white coat effect are different entities: the first is a binary (yes/no) definition imposed by stratification of blood pressure, the second is a quantitative measure of the blood pressure rise from before to during the visit, a phenomenon which may be expected to occur in the majority of patients [7] . Although white coat hypertension is a consequence of the white coat effect, there is no automatic association between the two entities: patients with a high clinic blood pressure and a marked white coat effect may still have abnormally elevated ambulatory blood pressure levels; patients with mild hypertension and a small white coat effect may fall in the category of white coat hypertension if ambulatory blood pressure is normal [10] .
Is white coat hypertension clinically relevant?
Following on this observation, it has been postulated that patients with elevated blood pressure during the clinic visit and normal blood pressure during usual activities might be further characterized by the following three features: (a) absence of organ damage induced by hypertension; (b) absence of hypertension-related risk of future cardiovascular disease; (c) absence of blood pressure reduction from antihypertensive treatment.
Methodological issues
Four steps are of paramount importance in dealing with white coat hypertensive patients:
First step
Identification of these patients on the basis of a valid definition of normal blood pressure outside the medical setting.
Second step
Assessment of target organ damage in these individuals in comparison with clinically normotensive subjects and in patients with higher values of ambulatory blood pressure.
Third step
Evaluation of risk of future cardiovascular morbidity and mortality in the white coat hypertensive patients, as compared with clinically normotensive subjects and patients with elevated ambulatory blood pressure.
Fourth step
Assessment of therapeutic intervention in patients with white coat hypertension compared with those with more elevated ambulatory blood pressure. As yet, there is no universal agreement regarding a definition of normal and abnormal blood pressure outside the medical setting [3, 4, [11] [12] [13] [14] . In the only available general population study, carried out in Japan, the lowest overall mortality was observed in subjects with average 24-h blood pressure 120-133 mmHg systolic and 65-78 mmHg diastolic [15] and the lowest cardiovascular mortality in subjects with average daytime blood pressure 117-123 mmHg systolic and 69-72 mmHg diastolic [16] . The majority of published studies used different definitions of white coat hypertension, with the result that it has been difficult or impossible to compare one study with another [17] . This is unfortunate because there is clear evidence that both the prevalence of white coat hypertension and echocardiographically determined left ventricular hypertrophy are markedly influenced if the restrictive (lower) rather than the more liberal (higher) limits of ambulatory blood pressure normality are used to define white coat hypertension [18] . Furthermore, minor differences in the definition of white coat hypertension may also exert a significant impact on the risk of future cardiovascular disease in these subjects [19] .
Prognostic impact of white coat hypertension
Event-based studies have shown that the risk of future cardiovascular disease events is less in patients with white coat hypertension than in those with higher ambulatory blood pressure levels, even after controlling for concomitant risk factors [20] [21] [22] . A follow-up extension of one of these studies has shown that the risk of future cardiovascular events did not differ between clinically normotensive subjects and subjects with white coat hypertension defined by an average daytime ambulatory blood pressure <130 mmHg systolic and <80 mmHg diastolic [19] . A recent important contribution to the white coat hypertension debate has come from the Syst-Eur study [22] , in which randomized antihypertensive treatment was effective in reducing the risk of cardiovascular disease events in subjects with average daytime ambulatory blood pressure >160 mmHg, but not in subjects with lower ambulatory blood pressure levels [22] . It is apparent, therefore, that a reliable definition of normal blood pressure outside the medical setting is mandatory if misclassification and misunderstanding [2] on the diagnosis of white coat hypertension are to be avoided.
An example of the persisting uncertainty and disagreement on this issue evolved from a recently published study [23] in which 18 subjects with so-called white coat hypertension, 259 subjects with mild or persistent hypertension and 259 clinically normotensive subjects were followed for 21 years. Because there were four cardiovascular deaths (22·2%) in the white coat group, 10 deaths (3·9%) in the normotensive group, four deaths (2·7%) in the mild hypertension group and seven deaths (6·5%) in the persistent hypertension group, it was concluded that white coat hypertension was not a benign condition.
However, in this study, white coat hypertension was not defined on the basis of a presumed normal blood pressure (self-measured or ambulatory) outside the medical setting, but, rather, by a medical clinic blood pressure that was <140 mmHg systolic or <90 mmHg diastolic when measured in the clinic by a nurse, and >160 mmHg systolic or >95 mmHg diastolic when measured by a doctor. Thus, this study has assessed outcome between different groups, one of which had a blood pressure by 20/5 mmHg lower in the clinic setting when measured by a nurse than by a doctor. These patients did not have white coat hypertension, they were exhibiting what has been shown previously using intraarterial measurement, namely, that blood pressure measured by a doctor is higher than that measured by a nurse [24] . It has never been demonstrated that blood pressure measured by a nurse is equivalent to ambulatory blood pressure. In one study [25] , blood pressure measured by a doctor was 152/100 mmHg ( 18/12), while that measured by a nurse was 148/97 mmHg ( 18/12) and awake ambulatory blood pressure was 141/96 mmHg ( 13/10). In the same study, regression coefficients of blood pressure with left ventricular mass were 0·24 (P=ns) for physician blood pressure, 0·44 for nurse blood pressure (P<0·05) and 0·63 (P<0·01) for awake ambulatory blood pressure [25] . Thus, what the authors describe as white coat hypertension differs markedly from the condition described in all previous outcome studies and is, in fact, an entirely different concept from that used in the literature over the past two decades. The results of the study cannot therefore be compared with studies which measured blood pressure outside the medical environment using ambulatory blood pressure monitoring or self-measurement of blood pressure. The conclusion from the study that white coat hypertension is not an innocent phenomenon [23] is incorrect, which is not to deny that the patients with a doctor/nurse difference in blood pressure or an excessive blood pressure variability may not be at risk.
Uniform definition of white coat hypertension
At the last International Consensus Conference on Ambulatory blood pressure [26, 27] , it was proposed that average daytime levels of blood pressure above 135/ 85 mmHg should be regarded as definitely hypertensive and levels below 130/80 mmHg as normotensive. It seems reasonable, therefore, to define white coat hypertension as being present if the conventional blood pressure is persistently equal to or greater than 140/ 90 mmHg, with average daytime ambulatory blood pressure below 135/85 mmHg. It would also seem reasonable to propose that all studies of white coat hypertension should perform analyses using this definition so as to permit comparison with other studies. Such a proposal does not preclude analyses using other definitions but will ensure comparability among the studies.
Conclusions
Available data strongly suggest that white coat hypertension, when defined by low levels of daytime blood pressure, either ambulatory or self-measured, identifies subjects at a lower risk from target organ involvement than subjects with sustained hypertension [1, [17] [18] [19] [20] [21] [22] . These subjects require regular and accurate check-up visits. Under these conditions, ambulatory blood pressure monitoring may become a useful instrument in clinical practice [28] . We need long-term intervention studies in order to definitely establish the most appropriate clinical management of these subjects [29] [30] [31] . Large cohort studies are also needed to establish whether the long-term risk of cardiovascular disease is comparable between subjects with white coat hypertension and clinically normotensive individuals [19] , or whether an excessive blood pressure reactivity limited to the doctor's office may contribute to adversely affect prognosis. To be able to pursue this important issue, a major effort should be undertaken to maintain comparability with previous studies by using the stated definition of normal blood pressure outside the medical setting. Otherwise, misclassifications and misunderstandings will continue in the future, and misleading articles with non-standardized definitions of 'normal' blood pressure outside the medical setting will proliferate.
